Two dark pink pigmented bacterial strains (M3 T and M11) were isolated from crude oil contaminated desert sand from
The genus Roseomonas belongs to the family Acetobacteraceae, order Rhodospirillales of the phylum Proteobacteria. Species of this genus are Gram-stain-negative and small-rod to oval-shaped bacteria [1] . They are pigmented due to the presence of a spirilloxanthin series of carotenoids [2] [3] [4] . C 18 : 1 !6c/ C 18 : 1 !7c, C 16 : 1 !6c/C 16 : 1 !7c and C 16 : 0 are the predominant fatty acids in the members of this genus while diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine, phosphatidylcholine and an unidentified glycolipid are present as major polar lipids [1, [5] [6] [7] [8] [9] [10] . Q-10 is present as the major respiratory quinone and spermidine as the major polyamine in the members of the genus Roseomonas [5] [6] [7] [8] [9] [10] . Members of this genus are highly diverse and are isolated from different clinical and environmental samples [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] . In this paper we characterize two new pink-pigmented strains, strains M3
T and M11, belonging to the genus Roseomonas, which were isolated from desert sand from Kuwait, and propose them as a new species of this genus.
Sand samples were collected from crude oil contaminated sites in Kuwait (GPS positioning of the sample; 29 37¢ 07 † N 47 48¢ 13 † E) to isolate and characterize crude oil degrading bacteria. pH of the collected samples were in the range of 6.9 to 7.0. One gram of sand was serially diluted up to 10 À7 dilution and 100 µl was spread on an agar (1.5 %) medium (pH 7.0) which contained (g l À1 ): KH 2 PO 4 (0.2), NH 4 Cl (0.25), KCl (0.5), CaCl 2 .2H 2 0 (0.15), NaCl (1), MgCl 2 .6H 2 O (0.62), Na 2 SO 4 (2.84), HEPES (2-[4-(2-Hydroxyethyl)1-piperazinyl ethane sulphonic acid]) (2.83), yeast extract (3.0), peptone (3.0), casamino acid (0.5), dextrose (0.5) and sodium pyruvate (3.0) [6] . The agar plates were incubated at 30 C for 5 days. Two strains, designated M1
T and M11, were isolated and purified by repeated streaking on agar plates. Both strains were preserved by glycerol stock (20 %) and by lyophilization. For routine culturing and for physiological tests, both strains (M3 T and M11) were grown at pH 7.0 at 30 C for 5 days in liquid medium as mentioned above [6] . T were used for comparative taxonomic analysis.
Pure cultures were used for 16S rRNA gene amplification by using universal primers as described by Kim et al. [14] . The reaction mixture was analysed by using a 3730XL automated DNA sequencing system (Applied Biosystems) at Macrogen (Seoul, Republic of Korea). Identification of phylogenetic neighbours of strains M3
T and M11 was done by 16S rRNA gene sequence BLAST search analysis on the Ezbiocloud server [15] . The MUSCLE program of MEGA 6 [16] was used for sequence alignments and distances were calculated by using the Kimura's two-parameter model [17] in a pair-wise deletion procedure. For maximumlikelihood analysis, Kimura's two-parameter model with uniform rates and the heuristic search algorithm nearestneighbour interchange with complete deletion was used.
For maximum-parsimony analysis, subtree-pruningregrafting as a heuristic algorithm with complete deletion was used. A bootstrap test was performed by calculating 1000 replicate trees [18] . Genomic DNA was extracted and purified according to the method of Marmur [19] , and the G+C mol% of the DNA was determined by high-performance liquid chromatography (HPLC) [20] . The taxonomic relationships among strains M3
T , M11, R. oryzae KCTC 42542
T and R. cervicalis KACC 11686 T were examined using DNA-DNA hybridization. Genomic relatedness was determined by DNA-DNA hybridization experiments as described by Ezaki et al. [21] , using photobiotin-labelled DNA probes and microdilution wells. Hybridization was performed with three replications for each sample and the mean values were quoted as DNA-DNA relatedness.
The phylogenetic relationship of strains M3
T and M11 was examined by 16S rRNA gene sequencing and the BLAST analysis revealed that strains M3
T and M11 were members of the genus Roseomonas in the family Acetobacteraceae of the phylum Proteobacteria (Fig. 1) . Strains M3 T and M11 showed sequence similarity of 97.3 % and 97.4 % with R. oryzae JC288 T , 96.9 and 96.9 % with R. cervicalis ATCC 49957 T , respectively. Both strains had <96.8 % 16S rRNA gene sequence similarity to other members of the genus Roseomonas. The 16S rRNA gene sequence similarity between strains M3
T and M11 was 99.9 %. Phylogenetic analysis based on maximum-likelihood analysis confirmed the clustering of strains M3
T and M11 with species of the genus Roseomonas (Fig. 1) . A phylogenetic tree based on the neighbour-joining and maximum-parsimony methods also generated a similar tree. The genomic G+C content of strains M3
T and M11 were 69.5 and 69.0 mol%, respectively. The DNA-DNA reassociation value between strains M3 T and M11 was 92±1 %, while strain M3
T was only 18±2 and 13±2 % related (based on DNA-DNA hybridization) to R. oryzae KCTC 42542 T and R. cervicalis KACC 11686 T , respectively. The DNA-DNA hybridization value clearly indicated [22] that strains M3
T and M11 constitute a new species of the genus Roseomonas.
Cell shape and cell size were observed by phase contrast (Olympus BX51 microscope) and transmission electron microscopy (JEM-1010, JEOL). Motility of the cells were observed by using the hanging drop technique [23] and semisolid agar methods [24] . Growth at different temperatures (10, 13, 15, 20, 22, 25, 28, 30, 33, 35, 37, 40, 41, 42, 43 and 45 C) was tested by using liquid medium as mentioned above. Growth at different pH (5, 5.5, 6, 6.5, 6.8, 7, 7.2, 7.5, 8, 8.5, 9, 9.5 and 10) was tested by using biological buffers (K 2 HPO 4 /KH 2 PO 4 buffer for pH 5-8 and NaHCO 3 /NaOH buffer for pH 9-11). NaCl tolerance range (0.5, 1, 1.5, 2, 2.5, 3, 3.5, 4, 4.5, 5, 4.5 and 5 %) was investigated in liquid medium which contained (g l . Growth of all the tested strains was observed after 5 days of incubation. Vitamin (biotin, niacin, p-aminobenzoic acid and vitamin B 12 ) requirement was tested by replacing yeast extract with single and also combinations of vitamins as growth factors. Various biochemical tests such as: hydrolysis of starch, casein, chitin, gelatin, urea, aesculin, Tween 20 and Tween 80; denitrification; Voges-Proskauermethyl red; arginine decarboxylase, lysine decarboxylase and H 2 S production; nitrate reduction; and oxidase and catalase tests were carried out in the prescribed media as mentioned by Cappuccino and Sherman [23] .
Utilization of sole carbon and energy sources of organic substrates (D-glucose, D-fructose, cellobiose, melibiose, maltose, D-ribose, L-arabinose, D-galactose, trehalose, D-mannitol, L-rhamnose, raffinose, D-sorbitol, lactose, sucrose, pyruvate, aspartate, malate, glutamate and D-alanine) was tested using a basal medium as described previously [6, 25] . Utilization of crude oil or other hydrocarbons (4 ppm): n-hexadecane, toluene, phenanthrene and pyrene) were tested by using Bushnell Hass medium as described earlier [26] . Acid production from organic carbon sources (D-glucose, D-fructose, cellobiose, L-rhamnose, melibiose, maltose, D-galactose, L-arabinose, raffinose and sucrose) were tested as described by Subhash et al. [27] [28] [29] . Antibiotic susceptibility of the strains was tested using antibiotic discs (BBL Sensi-Disc) containing the following antibiotics (µg): chloramphenicol (30), ampicillin (10), nalidixic acid (30), rifampicin (30) and penicillin-G (10). Effects of the antibiotics on cell growth were assessed as zone of inhibition and compared according to the instructions of the manufacturer (BBL Sensi-Disc). Enzymatic activities and other biochemical tests were determined with API ZYM and API 20NE kits (bioM erieux) according to the instructions of the manufacturer.
Colonies of both strains appeared dark pink on agar medium incubated under light (2400 lux) for 5 days at 30 C. Cells of strains M3 T and M11 were small rod to oval shaped (0.7-0.9Â1.6-2.3 µm, Fig. S1a, b , available in the online version of this article). Motility with flagella was not observed under microscope. Both strains grew chemoorganoheterotrophically and anaerobic growth was not observed. Several organic substrates supported the growth of strains M3
T and M11 (Table 1) . Both strains were sensitive to chloramphenicol, nalidixic acid, rifampicin and penicillin-G, but resistant to ampicillin. Other phenotypic characteristics of strains M3
T and M11 are given in species description and those that differentiated them from other closely related phylogenetic neighbours are listed on Table 1 .
The total cellular fatty acid-methyl ester profile of strains M3
T and M11 were compared with the type strains of closely related species: R. oryzae KCTC 42542 T , Roseomonas cervicalis KACC 11686 T , R. rhizosphaerae KACC 17225 T and R. aestuarii KCTC 22692 T . The data were obtained using the Sherlock Microbial Identification system (MIDI) as described previously [29, 30] . All strains were cultivated on Subhash et al.'s medium [6] at 30 C for 5 days and harvested at late exponential phase of growth for fatty acid analysis. The polar lipid analysis was performed by freeze dried cells of chemoheterotrophically grown cultures as described earlier [31] . Quinone analysis was performed after extraction with chloroform and methanol (2 : 1) by the methods described previously [32] . For polyamine analysis all the tested strains were grown in liquid medium at 30 C with shaking at 150 r.p.m. followed by freeze drying. Polyamine was extracted and identified as described by Busse and Auling [33] .
Carotenoid composition analysis by C 18 -HPLC analysis [2] indicated the presence of spirilloxanthin series of carotenoids. The comparative fatty acid profiles of strains M3 T and M11 with closely related phylogenetic neighbours is given in Table 2 . The major fatty acids of strains M3
T and M11 were in line with the species of the genus Roseomonas but can be differentiated from R. oryzae KCTC 42542
T by the presence of C 18 : 0 , C 18 : 1-2OH, C 18 : 1 !5c and by the absence of C 17 : 1 !6c (Table 2) . Strain M3 T contained diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine, phosphatidylcholine and unidentified
Roseomonas deserti M3 T (LT837512)

Roseomonas deserti M11 (LT855553) Roseomonas oryzae JC288 T (LN810637)
Roseomonas aestuarii JC17 T (FM244739)
Roseomonas rhizosphaerae YW11 T (KC904962)
Roseomonas cervicalis ATCC 49957 T (AY150047)
Roseomonas rubra S5 T (LT009499)
Roseomonas suffusca S1 T (LT009497)
Roseomonas ludipueritiae 170-96 T (AJ488504)
Roseomonas musae PN1 T (AB594201)
Roseomonas aerophila 7515T-07 T (JX275860)
Roseomonas aquatica TR53 T (AM231587)
Roseomonas lacus TH-G33 T (AJ786000) 
Roseomonas terrae DS-48 T (EF363716)
Roseomonas vinacea CPCC 100056 T (EF368368)
Roseomonas pecuniae N75 T (GU168019) 'Roseomonas aceris' R-1 (AB743853) Roseomonas arcticisoli MC 3624 T (KP274055)
Roseomonas riguiloci 03SU10-P T (HQ436503)
Roseomonas stagni HS-69 T (AB369258)
Roseomonas tokyonensis K-20 T (AB297501)
Roseomonas frigidaquae CW67 T (EU290160)
Acidiphilium rubrum OP T (D30776) T differed from R. oryzae KCTC 42542
T by the presence of an unidentified aminolipid (AL3) and by the absence of unidentified lipids (L3-4; Fig. S2b ). Q-10 (>90 %) was the major quinone of all the tested strains and spermidine was identified as the major polyamine.
Strains M3
T and M11 were distinct (Tables 1 and 2 ) from their closest phylogenetic neighbours with respect to colony pigmentation, motility, cell morphology, organic carbon source utilization, growth temperature range, fatty acids, polar lipid profile and genomic G+C mol% content. Based on distinct phenotypic, genotypic and phylogenetic differences, we suggest a novel species to accommodate strains M3
T and M11, with the name Roseomonas deserti sp. nov.
DESCRIPTION OF ROSEOMONAS DESERTI SP. NOV.
Roseomonas deserti (de.ser¢ti. L. gen. n. deserti of a desert).
Cells are small rod to oval shape (0.6-0.8Â1.0-1.2 µm), Gram-stain-negative and non-motile. Colonies appear dark pink on agar medium. Growth occurs at 13-42 C (optimum [30] [31] [32] [33] [34] [35] C) and at pH 6.5-9.0 (optimum 7.0-7.5). No added NaCl is required for growth and tolerates up to 3.5 % NaCl (optimum concentration of NaCl for growth is 0.5 %, w/v). Additional vitamins are not required for growth and it grows even in the absence of yeast extract. Positive for catalase and oxidase but negative for arginine decarboxylase, lysine decarboxylase, methyl red test, Voges-Proskauer test and H 2 S production. Hydrolyses casein and urea but starch, chitin, carboxymethyl-cellulose, aesculin, gelatin, Tween 20 Cell size 0.7-0.9Â1.6-2. 
Carbon source utilization: *Fatty acid analysis of all strains were performed at the authors' laboratory using the same growth conditions.
